Clinical and prognostic values of left ventricular concentric remodelling (LVCR) are based on definition of this cardiac phenotype according to outdated guidelines indications. Thus, we analysed the association of extracardiac organ damage (OD) and LVCR (relative wall thickness 442) as defined by updated diagnostic criteria. Subclinical OD was searched in 1906 patients treated and untreated in essential hypertensives with normal echocardiographic LVMI as defined by two sets of genderspecific criteria based on LV mass (LVM) indexed to body surface area (125 g m -2 in men and 110 g m -2 in women) and height 2.7 (49 g m -2.7 in men and 45 g m -2.7 in women). Overall, 568 patients (29.8%), fulfilled the criteria for LVCR. Prevalence rates of carotid plaque, carotid intimamedia (IM) thickening, grade II retinopathy and microalbuminuria (MA) were significantly higher in patients with LVCR compared with those with normal geometry (53, 24, 22, 10% versus 38, 15, 15, 7%, respectively, Po0.01, at least). Furthermore, an independent association between LVCR and continuous variables of OD such as carotid IM thickness (Po0.0001) and MA (P ¼ 0.004) was confirmed by a multivariate analysis. Our results indicate that LVCR identified by updated, less conservative, diagnostic criteria, is strongly associated with subclinical vascular and renal alterations of adverse prognostic significance. These findings support the view that LVCR should be searched for and regarded as a marker of target OD with an additional value for cardiovascular risk stratification in patients with normal LVM.
Introduction
Three abnormal left ventricular (LV) patterns (that is, concentric LV hypertrophy, eccentric LV hypertrophy and LV concentric remodelling, (LVCR)) are frequently identified by echocardiography in hypertensive patients as a consequence of LV adaptation to haemodynamic, humoral and hormonal changes accompanying systemic hypertension. [1] [2] [3] Although LV hypertrophy has been proven as the cardiac phenotype associated with the highest increase in cardiovascular (CV) risk, [4] [5] [6] a consistent body of evidence indicates that also non-hypertrophic LVCR (that is, normal LV mass (LVM) and increased relative wall thickness) may have relevant adverse clinical [7] [8] [9] and prognostic implications. [10] [11] [12] In previous studies addressing this issue, [4] [5] [6] [10] [11] [12] however, LVCR was defined by: (I) more restrictive threshold criteria for both LVM and relative wall thickness (RWT) than those currently recommended by authoritative scientific bodies; 13,14 (II) indexation of LVM to body surface area (BSA) rather than height to allometric power of 2.7, which has been shown to be a more sensitive criterion in detecting both obesity-and hypertension-related LVH.
Thus, this study was undertaken to provide a new piece of information on the clinical characteristics and extracardiac organ damage (OD) related to non-hypertrophic LVCR phenotype in a large cohort of essential hypertensive patients. Normal values for echocardiographic LVM were defined by two concordant sets of criteria based on LVM indexed to both BSA and height 2. 7 and normal values of RWT were defined according to 2007 European Hypertension Society/European Cardiology Society guidelines and Lang's inter-society report.
13,14

Methods
The analysis was performed on data from the Evaluation Target Organ Damage in Hypertension study, a cross-sectional observational registry providing detailed information on hypertension-related OD in untreated and treated patients with uncomplicated essential hypertension. Details of the study have been reported earlier. 15 Main entry criteria included the absence of previous clinically overt CV disease, secondary causes of hypertension and life-threatening conditions. After their informed consent had been obtained during the initial visit, all patients underwent the following procedures, which were completed within 1-4 weeks: medical history and physical examination, clinic blood pressure measurement, blood and urine sampling, standard 12-lead electrocardiogram, 24-h urine collection for microalbuminuria (MA), non-mydriatic retinography, cardiac, renal and carotid ultrasonography. The study protocol was approved by the ethics committee of one of the institutions involved.
For the present analysis, 1906 patients with normal echocardiographic LVM values identified according to two gender-specific criteria based on LVM indexed either to BSA or to height 2.7 were categorised in two groups: normal geometry (I) and LVCR (II).
Echocardiography
Echocardiography was carried out according to standardised procedures. M-mode, two-dimensional, Doppler echocardiographic examinations were performed using commercially available instruments. LVM was estimated from end-diastolic LV internal diameter, interventricular septum and posterior wall thickness according to the Devereux's formula 16 and normalised to BSA and height 2.7 to obtain LVM indexes (I). RWT was calculated as the ratio of posterior wall thickness plus interventricular septum thickness to LV internal diameter; LV filling was assessed by mitral flow with standard pulsed Doppler technique; the following parameters were considered: early diastolic peak flow velocity (E), late diastolic peak flow velocity (A) and their ratio (E/A). LVH was defined as LVM index equal to or higher than: (a) 125 g m -2 in men and 110 g m -2 in women;
13 and (b) 49 g m -2.7 in men and 45 g m -2.7 in women.
14 Normal limit for RWT was set o0.43.
Carotid ultrasonography
Images of extra-cranial carotid artery walls (common, bifurcation and internal carotid arteries) were obtained in several projections by high resolution, linear array 7.5-10.0 MHz probes. Plaques were sought in the near and far walls of the entire extracranial tree, and intima-media thickness (IMT) was measured in the posterior wall of both common carotid arteries 5, 10, 15, 20 and 25 mm caudally to the bifurcation; 17 all five measurements were averaged to obtain the mean common carotid IMT value. Details regarding reproducibility of LVM and IMT measurements in our laboratory have been reported earlier. 18 Non-mydriatic retinography Bilateral non-mydriatic retinography procedures and their assessment have also been reported. 19 Images were captured using an analogic camera (Topcon TRC NW3; Topcon Corporation, Tokyo, Japan), set in order to obtain two photographs centred on the macula. For qualitative grading of retinal vessels, retinal photographs were evaluated by trained observers unaware of the participants' characteristics. The following abnormalities were identified: grade I, diffuse arteriolar narrowing, when arterio-venous ratio was approximately equal to or lower than 1:2; grade II, arterio-venous crossing, when any degree of depression of the vein in a vascular crossing located at more than one papillar diameter from the papilla was detected.
Microalbuminuria
Albumin concentration in a 24-h urine sample was measured using a commercially available radioimmunoassay kit (Sclavo SPA; Cinisello Balsamo, Italy). The detection limit of the method was 0.5 mg l -1 . To limit false-positive tests, all patients were advised to avoid heavy physical exercise during the 24-h urine collection period and urinalysis was performed in all samples to exclude concomitant urinary tract infections.
Definition of groups
All patients examined in the study had a normal LVMI according to both sets of gender-specific criteria above mentioned. The patients were classified in two groups characterised by (1) normal LV geometry and (2) LVCR, the latter defined by the ratioX0.43 of posterior wall plus septal wall thickness divided by LV radius.
Definition of extracardiac organ damage
Renal OD was defined by the presence of MA, for urinary albumin excretion ranging from 30 to 300 mg per 24 h. 13 The presence of at least one carotid atherosclerotic plaque or diffuse intima-media (IM) thickening was taken as evidence of vascular alterations. Plaques were defined as focal thickening 41.3 mm in any segment of carotid arteries. 20 Diffuse IM thickening was diagnosed when the average common carotid wall thickness exceeded 0.9 mm.
13
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Statistical analysis
Statistical analysis was performed by the SAS system (version 6.12; SAS Institute Inc., Cary, NC, USA). Values were expressed as means±s.d. or as percentages. Continuous variables were compared by analysis of variance, using the Student's t-test for dual comparison. Analysis of categorical data was carried out by the w 2 -test or Fischer's exact test when appropriate. The strength of correlation between variables was tested by linear correlation analysis and multiple regression analysis. The association of several categorical variables, such as gender, carotid plaque, retinopathy and values above median of age, body mass index, SBP, DBP, glucose, MA, and below median of E/A ratio with the presence of LVCR was analysed by a logistic regression model with stepwise selection. The limit of statistical significance was set at Po0.05.
Results
Of the 1906 hypertensive patients examined, 1032 were men (54%). Mean age was 50 ± 12 years, mean SBP and DBP were 143 ± 15 and 92 ± 9 mm Hg, respectively; up to 63% of the patients were on antihypertensive treatment (31% on mono-therapy); 29% of the study sample had the metabolic syndrome, defined by the Adult Treatment Panel III report updated criteria, 21 22% were current smokers and 3% had type II diabetes mellitus. Overall, 568 patients (62% men), approximately one-third of the study population, fulfilled the criteria for LVCR. Table 1 shows the demographic and clinical characteristics of patients categorised according to gender and presence or absence of LVCR. In both genders age, clinic SBP, total cholesterol, fasting serum glucose, triglycerides and the prevalence of the metabolic syndrome were significantly greater in patients with LVCR than in their counterparts without it. An increased prevalence of current smokers and type II diabetes was observed in women with LVCR as compared with those with normal geometry; this was not the case in men.
Echocardiographic and carotid artery values are shown in Table 2 . As expected, echocardiographic values such as LV internal diameter, LV internal diameter systole were significantly lower in LVCR, whereas interventricular septum thickness diastole, posterior wall thickness diastole and mitral E/A ratio values showed an opposite trend in both genders. It is noteworthy that, absolute values of LVM and LVM indexed to BSA and height 2.7 were similar in patients with and without LVCR, regardless of gender. Carotid artery diameter, thickness and relative wall thickness were also characterised by higher values in patients with LVCR, the differences being in most instances statistically significant even after adjustment for several covariates (Po0.01, at least).
Prevalence of extracardiac OD in patients with and without LVCR Overall, 780 patients (41%) were found to have one or more carotid plaques, 336 (18%) diffuse carotid IM thickening, 290 (16%) grade II retinopathy and Figure 1 , prevalence rates of such markers of OD were significantly higher in patients with LVCR compared with those with normal geometry (53, 24, 22, 10% versus 38, 15, 15, 7%, respectively, Po0.01, at least).
In a gender-based analysis the likelihood of the presence of carotid atherosclerosis of greater extent, retinopathy and MA was confirmed in hypertensive men with LVCR, whereas in women this was the case for carotid damage only. A majority of the differences remained significant after adjustment for several confounders including age, SBP, DBP, smoking habit and antihypertensive treatment (Po0.05, at least).
Correlation analyses
In the whole population RWT showed significant and positive correlations with age (r ¼ 0.26, (Table 3) .
Furthermore, the association of categorical variables, such as gender, carotid plaque and grade II retinopathy and values above median of age, body mass index, SBP, DBP, glucose, log-transformed MA, and below median of E/A ratio, with the presence of LVCR was analysed by a logistic regression model with stepwise selection. Among these variables, male gender (OR (odd ratio) 1.66, confidence interval (CI) 1.28-2.14, Po0.0001), E/A ratio (OR 1.61, CI 1.23-2.13, Po0.0001), age (OR 1.52, CI 1.15-2.02, P ¼ 0.003), carotid plaque (OR 1.44, CI 1.12-1.87, P ¼ 0.005) and log-transformed MA (OR 1.29, CI 1.02-1.64, P ¼ 0.003) in ranking order, were the most important correlates.
Additional analyses
In univariate analysis, at difference from RWT, LVMI did not show any correlation with MA; moreover, the strength of association with carotid IMT was markedly lower than that of RWT (r ¼ 0.07, P ¼ 0.001, versus r ¼ 0.22, Po0.0001), and disappeared in multivariate analyses (b ¼ 0.035, P ¼ 0.9).
We have re-analyzed data after excluding from the original cohort patients with LVMI equal or higher than 115 g m -2 (men) and 95 g m -2 (women). By using these more liberal partition values, recommended by the 2005 Lang's inter-society report, 14 1716 patients out of 1906 fulfilled the normality criteria and 512 of them (29.8%) meet the criteria for LVCR. Significant differences in extracardiac OD between patients with normal LV geometry and those with LVCR persisted after the exclusion of the 190 patients with LVH according to 115/95 g m -2 . Indeed, prevalence Concentric remodelling and extracardiac organ damage C Cuspidi et al rates of carotid plaque, carotid thickening, grade II retinopathy and MA remained significantly higher in patients with LVCR compared with those with normal geometry (50, 22, 21, 9% versus 35, 13, 14, 5%, respectively, Po0.01, at least).
Discussion
Previous reports have shown that LVCR is associated with metabolic abnormalities, increased alterations in both great and small vessels and more importantly with an excess of CV events. As, in all these studies, LVM was slightly but significantly higher in patients with LVCR as compared with those with normal LV geometry, the possibility that differences in LVM may have influenced, at least in part, the different outcomes in patients with and without concentric geometry, could not be ruled out. [8] [9] [10] Our study adds a new piece of information to this issue, by showing that hypertensive patients with LVCR even in the presence of similar LVM values have 13,14 and more importantly, only patients with normal LVM defined by two concordant sets of gender-specific indexation criteria to BSA and height 2.7 were included in the present analysis. By this approach, we ruled out the possibility that the use of criteria based on indexation of LVM to BSA only may have produced the inclusion of a significant number of patients with LVH based on gender-specific criteria indexed to height 2.7 only into the group with normal LVM. Indeed, in a recent analysis 22 of the whole Evaluation Target Organ Damage in Hypertension cohort encompassing more than 3700 hypertensive patients, LVH defined by LVM normalised to height 2.7 according to thresholds suggested by the Lang's inter-society report 14 was identified in about half of the population study and, notably, in one-third of patients with normal LVM when indexed to BSA according to partition values recommended by European Hypertension Society/European Cardiology Society 2007 guidelines.
13
Patients with LVCR were older, had higher levels of clinic BP as well as fasting glucose, total cholesterol, triglycerides and a higher prevalence of the metabolic syndrome than did patients with normal LV geometry.
As for echocardiographic data, patients with LVCR had greater septal and posterior wall thicknesses, smaller internal diameters in front of similar absolute and indexed LVM. In addition, they had decreased early to late mitral flow velocity ratios, suggesting an impairment in diastolic function. Furthermore, carotid, renal and retinal damage was more pronounced in patients with LVCR than in the counterparts. It is noteworthy that, significant differences in extracardiac OD between the two groups persisted after adjustment for several confounders (that is, age, clinic BP, antihypertensive treatment). An independent association between concentric geometry, assessed as continuous (RWT) or categorical (LVCR) variable and prognostically validated extracardiac markers of OD such as carotid atherosclerosis and MA were confirmed in the whole study population by multivariate analyses. This was not the case for LVMI.
Some other aspects of our results deserve to be discussed. First, in front of the use of a more sensitive RWT cut-off (that is, 0.43 versus 0.45), LVCR prevalence in our series (30%) was slightly lower to that found in previous reports by Verdecchia et al. 10 (39%) and Pierdomenico et al. 12 (32%) in uncomplicated hypertensives. In addition to differences in LVCR definition criteria, this finding may also be related to differences in clinical and demographic characteristics among the hypertensive cohorts studied. Second, at variance from previous reports, our gender-based analysis indicates that extracardiac OD associated with LVCR was more pronounced in men than in women, who only presented an excess of carotid atherosclerosis compared with retinal, carotid and renal involvement in men. Investigation of the mechanism(s) by which LVCR is more frequently associated with OD in men than in women was out of the aims of our study. Third, the observational nature of this study does not provide any information regarding the causes of extracardiac OD in patients with LVCR; it can be speculated, however, that subclinical alterations in LV geometry occurring in hypertension before the development of LVH tend to parallel those in macro-and micro-vascular structure and function, as cardiac and vascular tissues respond in a similar manner to the mechanical and neurohormonal factors operating in essential hypertension. 23, 24 This study has some limitations. As our sample was selected from a Caucasian population referred to a hospital-based hypertension clinic, our results do not apply to different ethnic groups or care settings.
Conclusion
In a population of uncomplicated essential hypertensives LVCR is a common phenotype and is associated with a greater degree of extracardiac OD independently of other risk factors compared with hypertensives with normal cardiac phenotype. This study, in which LVCR definition is based on a less conservative RWT threshold than previously used and misclassification of LVH undetected by indexing LVM to BSA is avoided by indexing LVM also to height 2.7 , strongly supports the view that echocardiographic LVCR should be routinely searched for and regarded as a marker of initial OD with an incremental value for CV risk stratification in patients with normal LVM. What this study adds K Our results indicate that LVCR identified by updated, less conservative, diagnostic criteria, is strongly associated with subclinical vascular and renal alterations of adverse prognostic significance. K These findings support the view that LVCR should be searched for and regarded as a marker of target organ damage with an incremental value for cardiovascular (CV) risk stratification in patients with normal left ventricular mass (LVM).
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